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Ramie is a kind of natural fibers, it requires degumming process before it can be 
used as a raw material for various applications. The traditional treatment uses 
alkali, which is not an environmentally friendly process. In this paper, ramie fi-
bers are degummed using sodium percarbonate, which causes no any negative 
environmental problems, and its decomposition, hydrogen peroxide, is a clear 
liquid, it can be used as an oxidizer, bleaching agent and antiseptics for surface 
treatment of ramie fibers. Effect of temperature and concentration of sodium per-
carbonate on the degumming process are studied theoretically and verified ex-
perimentally. Finally an optimal degumming process is suggested for maximal 
weight ratio of degummed ramie fiber to raw bast. 
Key words: ramie, mathematical model for degumming process,  

sodium percarbonate, temperature, non-covalent interaction,  
decomposition, bilevel optimization 

Introduction 

Silk is the most famous natural fiber in the world [1], it is obtained from a cocoon 
through a degumming process [2], other natural silks have been exploited, for example, the 
snail-based nanofibers [3]. Ramie is another natural fiber, it is a flowering plant widely har-
vested in China, and is one of the oldest fiber crops, having a history of at least six thousand 
years [4-8]. Ramie has the longest and strongest natural fiber in textile industry, however, be-
fore ramie fiber could be used in textile, it requires chemical processing to degum the fiber. 
The traditional chemical degumming method is a complex process, which is neither an eco-
nomic nor an eco-friendly way, and an economic and environment-friendly degumming 
method with simple process and low cost is very much needed [5]. This paper suggests a 
chemical-free degumming process using sodium percarbonate. 

Experimental design and theoretical development 

The ramie bast samples were supplied by Hualong Hemp Industry Co. Ltd., Anhui 
province, China. All chemicals used in our experiment were analytical pure and used without 
further treatment and purification. 
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A degumming solution using deionized water as solvent was prepared with 20% 
sodium percarbonate, 2% sodium silicate, 2% sodium polyphosphate, 2% chelating agent, 
and 2% alkali resistant penetrant. 

Degumming process was carried out by soaking 15 kg ramie bast into the 
degumming solution, where the solution temperature rose at a rate of 2 ℃ per minute to a re-
quired temperature for 2.5 hours. The degumming temperature was set as 50 ℃, 60 ℃, 70 ℃, 
80 ℃, 90 ℃, and 100 ℃, respectively. 

Surface morphology of ramie fiber 

The SEM images of raw bast and degummed ramie fiber were illustrated in fig. 1, 
revealing a clear and effective degumming capability of our technology. The raw one has ob-
viously an unsmooth surface, fig. 1(a), while a very smooth ramie fiber was observed after the 
simple degumming process, fig. 1(b). The gummy materials in surface of raw bast were com-
pletely removed. The surface morphology of the degummed ramie fibers was more smooth 
than those by the traditional chemical treatment, so it is a promising and green technology for 
industrial applications. 

 
Figure 1. The SEM illustrations; (a) raw ramie bast; (b) degummed ramie fiber 

Degumming temperature 

Degumming temperature is an important factor in the degumming process, the effect 
of degumming temperature on weight ratio of degummed ramie fiber to raw bast is illustrated 
in fig. 2. 

As degumming temperature increases, degumming capability increases, the gummy 
materials in surface of raw bast were gradually removed from the surface of the raw ramie 
bast. The weight ratio of the degummed ramie fiber to the raw bast can be described by the 
following eq. (1): 

  d ( )
d

R k R R
T ∞= −  (1) 

with initial condition: 
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 0(0)R R=  (2) 

where R is the ratio of the degummed ramie fi-
ber, T [°C] – the temperature, k – the 
degumming coefficient, 0R  and R∞  – the the 
initial ratio at T = 0 °C and at a temperature in-
finite large, respectively. 

The solution of eq. (1) reads: 

 0( )e kTR R R R −
∞ ∞= − −  (3) 

The constants involved in eq. (3) can be 
determined experimentally. Using the experi-
mental data given in fig. 2, we have: 

0.015 0.01581 (81 98)e 81 17eT TR − −= − − = +  (4) 

When the temperature tends to infinite 
large, we have 81%.R ≈  Sodium percarbonate 
(2Na2CO3·3H2O2) is an eco-friendly product, 
its aqueous solution’s pH and concentration can be easily controlled. In this paper, the con-
centration was 20%. As an oxidizing agent, the decomposition of sodium percarbonate reads: 

 2Na2CO3·3H2O2＝2Na2CO3+3 H2O2 (5) 

 2H2O2＝2H2O+ O2↑ (6) 

The hydrogen peroxide is a clear liquid, it can be used as an oxidizer, bleaching 
agent and antiseptic in our experiment. 

The decomposition process of sodium percarbonate in degumming solution with raw 
bast is different from that in aqueous solution.  

The decomposition with respect to temperature in aqueous solution can be written in 
the form: 

 d ( )
d
C K T C
T
= −  (7) 

where C is the concentration of sodium percarbonate, K – a temperature-dependent coeffi-
cient, which can be written in a power of temperature: 

 0( ) nK T k T=  (8) 

where 0k  and n are constants. 
The solution of eq. (7) reads: 

 10
0 exp

1
nkC C T

n
+ = − +   (9) 

Decomposition of sodium percarbonate in degumming process is different from that 
in aqueous solution. Non-covalent interactions between the gummy materials in surface of 

 
Figure 2. The effect of degumming temperature 
on weight ratio of degummed ramie fiber to raw 
bast; points: experimental data; continuous line: 
theoretical prediction; the concentration of  
sodium percarbonate was 20%, degumming  
time is 2.5 hours  
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raw bast and sodium percarbonate will greatly affect the decomposing process. The effective 
temperature can be approximately written as ,T T∞ −  where T∞  is the temperature when the 
sodium percarbonate decomposed completely. The decomposition process of sodium percar-
bonate in degumming solution with raw materials can be similarly obtained which reads: 

 10
0 exp ( )

1
nkC C T T

n
+

∞
 = − − + 

 (10) 

The constants involved in eq. (10) can be determined experimentally, and eq. (10) 
becomes: 

 0.033(95- )0.85e TC =  (11) 

Decomposition process of sodium percar-
bonate in degumming solution with raw mate-
rials is illustrated in fig. 3. 

Optimization degumming 

The optimal degumming process is to 
maximize R at a suitable temperature and a 
suitable decomposing of sodium percarbonate. 
It can be described by the following bilevel op-
timization: 

 0.01581 17e maxTR −= + →  (12) 

Subject to: 

 0.033(95- )0.85e maxTC = →  (13) 

The optimization is easy to be solved 
without any difficulty. The optimal temperature is 95 ℃, when sodium percarbonate is de-
composed 85%. The result agrees well with the experimental data. 

Discussions and conclusion 

Our mathematical model is simple for qualitative analysis of the degumming pro-
cess. A more accurate model is under development using fractal calculus [9-13], and the mod-
el equation can be solved by some an analytical method, e. g., the homotopy perturbation 
method [14, 15], or Taylor series method [16]. 

Our technology is totally green process with greatly economic feasibility. It can re-
markably reduce use of the poisonous chemicals and can avoid completely the use of strong 
alkali in the degumming process. This environmentally friendly method is a promising tech-
nology for mass treatment of ramie fibers in future. At a suitable temperature, the degumming 
process can remove gum materials from ramie bast with highest output of ramie fibers and ze-
ro environmental effect. Our method also results in a good surface treatment of ramie fibers 
for some special applications.  

 
Figure 3. Decomposition process of sodium 
percarbonate in degumming solution with raw 
materials; dots: experiment data; continuous line: 
theoretical prediction  
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